HEBA 8 A H I FH T

——~Queueing Theory

Y VIR R K 957
ARG AR
H1391


http://weibo.com/u/2216172320
http://weibo.com/u/2216172320
http://weibo.com/u/2216172320

KP(—)

* HFRA
— WSEAE TS
— THEALAT
o FHEBNREMT
— HEBN R 17 43 A
— Operational Law

e Utilization Law
e Little’s Law

— D. G. Kendall
— Little’s Law
— Erlang’s Formula



RKP(=)

HEBA I B2 FF 43 47
O B AR A G P

* Linux /0 Stats
— IR ZE M) I A

— HEN 12 5 Performance
o H4EPerformance?
o (G-I RA?
o WM IE RS ?
o U IAT S RERE T T ?

— KMk CNTD



















ready queue

I/O queue

/O request

time slice
expired

child
executes

interrupt

occurs

wait for an
interrupt




NIC

Driver Queue

.

Queueing
.| Discipline |

ES B BN O 3N 0N B BN
EEERENAE

N ddy

T ddy

P
Stack

pJemio)

01 S192ed




HERA 7] et

o (EHEBNIEAEH, AATTE I 0o f Lk fin] it 2
— Mg 2, HEBA T A 2 A
— RHEBNIE, FEEE L e 2
— R TEHRN?
— (MBI IEERRS A, RATH— 3t LA ?
— HRRFEL /N ? SRIRSLE N, LFEEL DI ?
— X RHEBA RSS2
— BMEKBETIH AFRE, TRt A UHER ?
- RGHEEOANEN? RECEEARIBE T2



o LRI SEHAUHEBL,  F U TV A HERN 3 TR Ak

IARBN, I aER BRI RAL N — N S 3R ——FFBA R
(Queuing Theory).

o HEBAIBHEYR T-20t 20 W] 1 BTG I 35 . 1909—19204F LH U 5K

A TAEMZ /R (AKErlang) FIBEZAB TV 98 B LR 18 15 0]
%@ /\Ajﬁ‘ﬁﬂ:ﬁﬂ TIXIN AR, FENIX TR L 22 2
..

o ErlangfE LU AT, AR 7P EA ] . FLTE R R

(Erlang-B Formula), H1ESFAFIE* (Erlang-C Formula). fEST4H1X
Lo /7, 1EIRATERINED. G. Kendall 5. D. C. Little ...


http://baike.baidu.com/view/6431.htm
http://baike.baidu.com/view/45337.htm
http://baike.baidu.com/view/555805.htm

Queueing Theory

o HERNIR F T RAT 4 A 2
— 1% 0o 7]
o Xt PR 1 I B ] (376 )

RS ARE R R ()

 EORFE AR ERIRTSE T, mORPR B A A,
IR R GRS 7T o



Queueing Theory(JEZ {1k

M b ot 25, HERN IS [a] < b as 2

— RBERPIAT; RO RPFIRIRIE R E: A
ANHEBN s, TR 22 /D[R] 2

— HRSSBF1A] (Service Time); FAA B [A]SF) BRI ARSS B E: 4«4
e T B HERA ?

(A EFEIEER RSN, FeFiT—3ibAa LA ?

— PEIBFIKE L (AEREIEERSTAN: L)

FERIRTFE L DI A ? FRARFER, XFEZ /DI E?
— Wait Time Wq S Reponse Time W or K

BT BAIE B ARESE, B TET A IR 2

- R ERE. £y BIIRKKE;
RGHZPAIMEA? BECEm MBI ?

- WHHE: AR U ;



e Utilization Law
U=2x/u

Utilization Law

BN R G, ServerfIRI A, P35 Bk #1535 i 45 1 2 (1 U AE

— Utilization Lawfiit 12

o IRErServerf PR S E R AAL, P15 BIIATE ik 5 -> Server M) H ik 5 ;
o PREFFIRNAEFRAAL, Serverf) 115 Ak 551 F k5 -> Server | FH F A ;

— —AMRFRIEY] RN XA RGHR )

Customers

Task Task Task

! Leaves Leaves Leaves
1/p 1/u 1/n
|

|
|

1/A /A /A

Task Task Task Task
Arrives Arrives Arrives Arrives



Little’s Law

e Little’s Law
L = AW
o HEBNR S, BASIK P (UFE IEAE R IR SS N = B Z * SP- 350 N s (]
 HJ.D.C. Little7E19614E )18 3 [ A Proof for the Queuing Formula L=AW] A145H

T AL IR 5
° ﬁEEﬁ: H]% |
o A L, = AW, HFNKRE = BAE * PIGEERE (F, = - — )

U

— Little’s Lawff# 152
* Little’s Law/Utilization Law, ¥JJ& T Operational LawsH ) —F};
o PEEE N ARG, PABIHS BE K
o ARSI BIIAE R Z , BAFIHK R 5
o A HHE BB
- PSR EE A, 2 L L, W, W A —A, #BATLATHE H 55 4k =



http://www.cse.wustl.edu/~jain/cse567-08/ftp/k_33ol.pdf

Little’s Law (%E)

Little’s Law 1) 3. HH 37 5¢
— ALt Law, XHE SR BIIA /B B 90 AT B R K
— . RIT. KFCEEH

« SixSigma (FSPEMEISEFRE)

- RAGilERERE



Little’s Law (f§1]1)

o —AVNEE, BRIV R A0 N /NI
— BE/NBETE T SR I R] 5 1500 B

o HE AR RVNETERT R T SE e 207

.
— A . 40 N\//NES
— W . 0.25/NIf/ A
— L =AW : 40*%0.25=10



Little’s Law (4§1]2)

o —FHFAL ], HMuGEL11I0HFEMHP . SR, [FH
20000 P AEZG . [FIBS USRI, 1 ey U HH P il — 7N
RbFHE360 7 MV 55

oV I A B I 4% R [ A ?

. MRE

- A . 3600000/ 3600 = 1000%E /%)
- 7 . 20000
— W =1/2: 20000/ 1000%E /%) = 20%p /%



Little’s Law (4§13)

hzhedengchengRapp-66:~$ iostat —-xm 60 10
Linux 3.2.0-3-amd6é4 (app-66.photo.163.0rg) 10/12/13 (16 CPU)

avg-cpu: %$user $nice %$system %$iowait $%$steal $idle
13..92 0.00 3.08 2.99 0.00 80.01

rram/s wragm/s r/s w/s rMB/s avgrg-sz avggu-sz await r_await w_await
0.04 128.68 2.41 9.81 0.03 110.88 0.21 17.42 2.22 2115
0.21 266.13 315.82 592.64 3.04 32:.05 0.24 0.26 0.69 0.04

$nice %$system %$iowait S$steal $idle
0.00 10.68 0.43 0.00 80.51

rragm/s wragm/s r/s w/s rMB/s avgrg-sz ([avggu-sz awalt)r_await w_await
0.00 1.25 0.05 1.48 0.00 14.70 0.01 9.09 8.00 9.12
0.00 113 37383 39.22 1.49 62.26 2.49 11.67 0.17 62.67

$nice %$system %$iowait $%$steal $idle
0.00 12.12 7.10 0.00 67.63

rragm/s wram/s r/s w/s rMB/s avgrg-sz avggu-sz await r_await w_await
0.00 15713 0.27 1.60 0.01 23279 0.02 10.64 4.00 11.75
0.00 16.03 2555.38 1218.13 20.42 28.10 13.49 Bl 0.65 9 AL

$nice %system %iowait S$steal $idle
0.00 1252 10.84 0.00 58.99

rragm/s wragm/s r/s w/s rMB/s wMB/s avgrg-sz . r_await w_await
0.00 1975 0.00 1-F2 0.00 0.08 100.04 0.00 9.51
0.00 20.73 4375.38 1500.22 34.18 26.19 21.04 0.64 5.66

— avgqu-sz = (r/s + w/s) * await / 1000 = (173.83+39.22)*11.67/1000 = 2.49
— %util = (r/s + w/s) * svctm / 1000 = (173.83+39.22)*0.28/1000 =6%
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Figure 4.10 Comparison of response time between multiple parallel queuing line scenario and
single-queue multiserver scenario.
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o UI{A[FEFRIOSTATHIH ? (RELEHE IR TO)

hzhedengcheng@app-66:~$ iostat -xm 60 10
Linux 3.2.0-3-amd64 (app-66.photo.163.0rqg) 10/12/13

$user $nice $system %$iowait %steal $idle
13.92 0.00 3.08 2.99 0.00 80.01

rrgm/s  wrgm/s x/s w/s rMB/s avgrg-sz await r_await w_await
0.04 128.68 2.41 9.81 0.03 110.88 17.42 2.22 21.15
0.21 266.13 315.82 592.04 3.04 32.05 0.26 0.69 0.04

$nice %$system %$iowait $steal $idle
0.00 10.68 0.43 0.00 80.51

rrgm/s  wrgm/s r/s w/s rMB/s avgrg-sz (avgqu-sz ){await)r_await
0.00 1.25 0.05 1.48 0.00 14.70 0.01 9.09 8.00
0.00 .13 173.:83 39.22 1.49 62.26 2.49 11.67 0.17

$nice $system %$iowait %steal $idle
0.00 12.12 7.10 0.00 67.63

rrgm/s  wragm/s r/s w/s rMB/s avgrg-sz avgqu-sz
0.00 1.73 0.27 1.60 0.01 23.79 0.02
0.00 16.03 2555.38 1218.13 20.42 28.10 13.49

$nice %$system %$iowait %steal $idle
0.00 12.52 10.84 0.00 58.99

rrgm/s  wrgm/s r/s w/s rMB/s avgrg-sz (avgqu-sz r await
0.00 19.75 0.00 172 0.00 100.04 0.02 0.00
0.00 20.73 4375.38 1500.22 34.18 21.04 11.27 0.64
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Figure 4.10 Comparison of response time between multiple parallel queuing line scenario and

single-queue multiserver scenario.
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tttt.Response Time

« fftfkResponse TimeH 55— (FEe)
— Profile

* A profile is a tabular decomposition of response time, typically listed in descending order of
component response time contribution.
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« f{tResponse TimelJ58 — & (HVEL)
— Amdahl’s Law

* Performance improvement is proportional to how much a program uses the thing you
improved.

* Response TimeRe it FIFE R, FRUR G AL ELTE Response Time BT o AN B 1EAH ¢

— DA i

1. #R #5 Profile € /\ZResponse Time i) 73 1f ;

2. IR#EAmdahl’s Law, PRty 7E rT LA B ;
3.RIEMEZFERE, EFFNE H B R B AT AL

N, AR R ?

Potential improvement % and cost of investment R (sec) R (%)
d 34.5% super expensive 1,/48.229 70.8%
2 12.3% dirt cheap 338.470 13.7%
3 Impossible to improve 152.654 6.2%
- 4.0% dirt cheap 97.855 4.0%
5 0.1% super expensive 58.147 2.4%
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Where is the Knee?
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Performance: Optimization vs Tuning
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— Performance is a Feature
* Performance is completely unknown until the production phase.
* You need to write your application so that it’s easy to fix performance in production.
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e To Be Continued ...

Capacity

Processors, 1/0, network bandwidth

Capacity
Planning

Demand QoS

Workload characteristics Performance, availability, security, cost
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e Utilization Law
e Little’s Law

— D. G. Kendall
— Little’s Law
— Erlang’s Formula
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